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Job and resource scheduling in distributed and heteroge-
neous computing environments; meta-computer architec-
ture; and stochastic scheduling and learning using 
probabilistic and statistical techniques, such as estimation 
and filter theory. 
Research Description 
The hardware necessary to create a meta-computer has ex-
isted for twenty years. Likewise, heterogeneous pro-
grams-consisting of multiple parts, each running in a 
predefined sequence and on potentially different ma-
chines-have been around since the Sixties; these pro-
grams have been very latency-tolerant. meaning that the 
results from one part of a program often had to be written 
to tape and hand carried to another computer where the 
next part would execute. The demands of today's environ-
ments, particularly that of the military world, can no longer 
tolerate these latencies. In a crisis situation, where data ac-
quisition, transfer, computation, and display must happen 
within minutes to be of any use, traditional methods have 
become outdated and, indeed, dangerous. 
At a basic level, a meta-computer is a distributed and het-
erogeneous collection of computers networked together, all 
coordinated by one or more master schedulers. Such a 
meta-computer can potentially, and in a matter of minutes. 
process a reques t from a hot spot, acquire the data from sat-
ellite, compute in a secure facility in the US, and present 
the results to the field commander somewhere in the Mid-
dle East. In addition, the meta-computer might be process-
ing hundreds of such requests simultaneously. 
My research generally involves the architectural design of 
such a meta-computer. To this end, we have created the 
Heterogeneous Processing Testbed (HPT) in the Heteroge-
neous Processing Laboratory (HPL). The HPL supports re-
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search in meta-computing and heterogeneous processing 
by providing a fully controlled environment for testing, de-
velopment and evaluation. 
In a distributed and heterogeneous environment, two of the 
biggest issues are where and when to schedule jobs. 
Though seemingly settled for "single box" architectures, it 
is far from solved in a distributed environment, especially 
one which combines many "boxes" of highly varying ar-
chitectures. Some of the issues my research attempts to ad-
dress are (1) what optimization criteria should we use; (2) 
how do you schedule jobs to meet various constraints on 
when and where they are to execute, such as job A must ex-
ecute in parallel with job B and before job C; (3) how do 
you avoid resource contention related to the sharing of re-
sources, such as disks, CPUs and networks, by different 
jobs; and ( 4) how do you meet the optimization criteria. 
One ingrained assumption underlying Computer Science is 
determinism. Though never completely true, it has been 
"good enough" in traditional architectures. As the develop-
ment of distributed computer evolves, determinism is no 
longer a valid assumption/simplification. Uncertainties de-
rived from various sources, such as network traffic, shared 
disk use, and cache use, make job runtimes and other time 
related events better represented by a probability distribu-
tion. To this end, my research applies probabilistic and sta-
tistical techniques in scheduling and learning. 
Relevance To Don/DoD 
All of this work is of importance to DoN and being sup· 
ported in part by NRaD in San Diego. In addition, the 
development of the meta-computer is being supported by 
both NRaD, ARPA and other DoD agencies. 
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